Background: Informal caregivers of patients with amyotrophic lateral sclerosis experience increased levels of caregiver burden as the disease progresses. Insight in the factors related to caregiver burden is needed in order to develop supportive interventions. Aim: To evaluate the evidence on patient and caregiver factors associated with caregiver burden in amyotrophic lateral sclerosis informal caregivers. Design: A systematic review. Data sources: Four electronic databases were searched up to 2017. Studies that investigated quantitative relations between patient or caregiver factors and caregiver burden were included. The overall quality of evidence for factors was assessed using the Grading of Recommendations Assessment, Development and Evaluation approach. Results: A total of 25 articles were included. High quality of evidence was found for the relation between caregiver burden and the factor "behavioral impairments." Moderate quality of evidence was found for the relations between caregiver burden and the factors "feelings of depression" of the caregiver and "physical functioning" of the patient. The remaining rated caregiver factors-"feelings of anxiety," "distress," "social support," "family functioning," and "age"-and patient factors-"bulbar function," "motor function," "respiratory function," "disease duration," "disinhibition," "executive functioning," "cognitive functioning," "feelings of depression," and "age"-showed low to very low quality of evidence for their association with caregiver burden. Conclusion: Higher caregiver burden is associated with greater behavioral and physical impairment of the patient and with more depressive feelings of the caregiver. This knowledge enables the identification of caregivers at risk for caregiver burden and guides the development of interventions to diminish caregiver burden.
Introduction
Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease that causes severe restrictions in physical functioning. Patients suffer from progressive weakness of voluntary muscles and approximately 30%-50% of the ALS patients experience cognitive impairments. 1, 2 The disease leads to an increasing need for care; a major role in this care process is fulfilled by informal caregivers (family, friends, and neighbors).
Caring for an ALS patient is a demanding task. During the course of the disease, the patient may require support with all activities of daily living such as eating, transportation, and medical care. 3 Furthermore, caregivers often struggle with accepting this fatal disease, their increased responsibilities, concerns about the future, and feelings of guilt. 4 Findings from longitudinal studies indicate that caregivers of patients with ALS experience increasing levels of physical and emotional distress, often referred to as caregiver burden. 5, 6 Caregiver burden is defined as the impact on the emotional health, physical health, social life, and the financial status of the caregiver as a result of adopting the caregiving role. 7 The well-being of caregivers is essential in ALS care; their capacity proves to be an important factor in enabling ALS patients to remain at home until the end of their lives rather than going into a care facility. 8 Moreover, studies show a high concordance between the well-being of the patient and that of the caregiver, indicating that a reduced well-being of the caregiver can negatively impact the wellbeing of the patient. [9] [10] [11] Knowledge about which factors relate to caregiver burden is needed in order to develop interventions to support caregivers. During the last decade, three reviews have been published concerning the well-being of ALS caregivers, but a comprehensive overview of both modifiable and non-modifiable patient and caregiver factors influencing caregiver burden is lacking. [12] [13] [14] The objective of this study, therefore, was to systematically review published literature to investigate which caregiver and patient factors are related to caregiver burden in informal caregivers of patients with ALS.
Methods
We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, 15 see Supplementary Appendix 1. This systematic review has been registered with PROSPERO 2015 CRD42015019842.
Search strategy
The electronic databases PsycINFO, Medline (PubMed), CINAHL, and EMBASE were systematically searched using the following keywords, along with synonyms: "amyotrophic lateral sclerosis," "burden," and "caregiver." A clinical librarian was consulted regarding the search strategy, which is presented in the online Supplementary Appendix 2. No constraint was placed on the year of publication; searches were conducted up to 2017. Additionally, references were checked for relevant publications. To make sure that no relevant papers had been missed, we sent a list of papers identified through the search to researchers in the field of ALS care for their review.
Inclusion criteria
Studies that investigated quantitative relationships between caregiver or patient factors and caregiver burden in informal ALS caregivers were included. Factors had to be explicitly defined and in case of self-reported constructs measured with a validated questionnaire or a clearly described single question. Burden had to be assessed with a total caregiver burden construct. Only full-text articles, published in peer-reviewed journals, in English, Dutch, or German, were considered eligible.
What this paper adds?
• • This systematic review offers a comprehensive overview of both patient and caregiver factors related to caregiver burden in informal caregivers of patients with ALS. • • Higher caregiver burden is associated with greater behavioral and physical impairment of the patient and with more depressive feelings of the caregiver.
Implications for practice, theory, or policy
• • This knowledge enables the identification of caregivers of people with ALS who are at risk for caregiver burden.
• • This knowledge informs the development of interventions focusing on diminishing burden in caregivers of ALS patients.
• • More studies are needed that examine caregiver-related factors (such as feelings of competence in caregiving or selfefficacy) in relation to caregiver burden.
Exclusion criteria
Mixed sample studies-studies where caregivers of patients with different diagnoses are grouped togetherwere excluded, unless subsample analysis was performed for ALS caregivers. Studies that described the association solely with subscales of burden measures, or studies that combined burden with other outcomes measures into one overarching outcomes measure, were not taken into account. Intervention studies, qualitative studies, reviews, and case reports were excluded.
Study selection
The titles and abstracts of the articles were independently screened for relevance by two reviewers (J. 
Risk of bias assessment
The risk of bias of the included studies was assessed independently by the two researchers who assessed the full-text articles (J.d.W. and L.A.B.). The Methodological Quality Assessment List, 16 ,17 an 8-point checklist that yields a total score between 0 (low methodological quality) and 8 (high methodological quality), was used (Supplementary Appendix 3). Since this checklist was originally applied to research on patients, the relevant characteristics to score item 3 "external validity" were changed into "caregiver age, gender, type of relationship with patient, physical functioning of the patient and time since patient's diagnosis." Studies with a total score below 3 were excluded from the quality of evidence assessment. In case of disagreement, a third author was consulted.
Data synthesis
Data were independently extracted from eligible papers by two researchers (J.d.W. and L.A.B.) using structured data forms that were developed for this study and included key components of the study characteristics, study results, and methodological quality of the studies. Due to the diversity of outcome measures and factors included in the study, a meta-analysis was not possible. Bivariate and multivariate associations were described separately in terms of correlation coefficients (r) and standardized β-coefficients (β). In studies that applied a logistic regression, the odds ratio (OR) was presented. Factors were grouped into patient and caregiver characteristics and subsequently thematically categorized.
Quality of evidence
The Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach was used to assess the overall quality of evidence for each factor measured in at least three studies (Supplementary Appendix 4). 18 Two researchers (J.d.W. and L.A.B.) rated the factors on the GRADE criteria study limitations (here we used the Methodological Quality Assessment List), inconsistency, indirectness, imprecision, and publication bias. The criteria "dose effect" and "moderate/large effect" were omitted, since these criteria were not relevant for the quality of evidence in our review. The overall quality of evidence was classified as high, moderate, low, or very low.
Results

Studies selected
The search identified a total of 1126 possibly relevant articles. After the removal of duplicates and the abstract and full-text screening, a total of 25 studies were left for inclusion in the review (Figure 1 ). Two study samples were described in two articles each. [19] [20] [21] [22] Since these articles investigated different factors in relation to burden, they were retained for review.
Risk of bias
The methodological quality scores of the studies ranged from 2 to 7 out of a maximum of 8 (high quality) points (Supplementary Appendix 5). One study scored a low total score, indicating a high risk of bias, and was not incorporated in the quality of evidence assessment. 23 The following items of the Methodological Quality Assessment List were not met by the majority of the studies: study participation, proportion sample size versus factors, and confounding bias.
Description of studies included
The key characteristics of each study are presented in 
Measures of burden
Across studies, five different validated measures of caregiver burden were used (Zarit Burden Interview (n = 11), 40 Caregiver Burden Inventory (n = 6), 41 Caregiver Strain Index (n = 2), 42 Burden Scale for Family Caregivers (n = 1), 43 and Caregiver Burden Scale (n = 1)) 44 and two studies used a number of selected items of the Zarit Burden Interview (see Supplementary Appendix 6). Two studies used a single-item measurement to measure burden. 45 
Studied factors in relation to caregiver burden in ALS caregivers
Overviews of the studied caregiver and patient factors that were investigated in relation to caregiver burden are presented in Tables 2 and 3 . Caregiver factors were grouped into the following categories: emotional functioning, social environment, demographics, personal factors, physical health, and caregiving time. Patient factors were categorized into physical health, behavioral impairments, cognitive impairments, emotional functioning, personal factors, demographics, and social environment.
Evidence for factors related to caregiver burden
Caregiver factors. The synthesis of evidence for the caregiver factors using the GRADE criteria resulted in a rating of moderate quality of evidence for the relationship between higher caregiver burden and "feelings of depression" (see Table 4 ). Low quality of evidence was found for the relations between higher caregiver burden and the factors "anxiety," "distress," and "age." The social environment factors "social support" and "family functioning" showed very low quality of evidence as factors associated with lower caregiver burden. Factors within the categories personal factors, physical health of the caregiver, and caregiving time were investigated in fewer than three studies and could not, therefore, be rated with the GRADE.
Patient factors. The synthesis of the evidence for the patient factors led to a rating of high quality evidence for the relationship between higher caregiver burden and "behavioral impairments." This factor represents total scores of questionnaires that measure behavioral impairments in patients, which was investigated in six studies. Patients' "physical functioning" was most frequently studied (n = 11). There was moderate quality of evidence for the relation between decreased physical functioning and higher caregiver burden. Very low quality of evidence was found for the association with higher caregiver burden and the factors "limb function," "respiratory function," "executive functioning," "cognitive functioning," and "age." Low evidence was found for "bulbar function" and "feelings of depression," and very low quality of evidence for "disease durations" as factors not associated with caregiver burden.
Since each of the factors within the categories personal factors and social environment was studied in one or two studies, no synthesis of evidence could be performed. 
Very low
For uni-and multivariate analyses: +: number of significant associations with a positive value; 0: number of non-significant associations; −: number of significant associations with a negative value; n.r.:
number of associations of which the direction was not reported. For GRADE factors:
✓: no serious limitations; ✕: serious limitations. For overall quality of evidence: very low, low, moderate, high.
a Bivariate associations that are measured twice in one study on different measuring points are counted as one association.
Discussion
In our systematic review, we focused on both patient factors and caregiver factors in relation to burden in caregivers of ALS patients. Moderate to high quality of evidence was found for "behavioral impairments" of the patient, "physical functioning" of the patient, and "feelings of depression" of the caregiver as factors related to caregiver burden. These results indicate that there is a specific group of caregivers that is vulnerable to caregiver burden. For the relations between caregiver burden and the remaining caregiver and patient factors, the quality of evidence was low to very low and no general conclusions could be drawn.
We found high quality of evidence for the relation between caregiver burden and behavioral impairments of the patient. Behavioral impairments such as apathy or disinhibition occur in a substantial proportion of ALS patients and 5%-15% of patients meet the criteria for frontotemporal dementia (FTD), which is associated with more severe behavioral impairments. 46, 47 The findings of this review highlight the impact of behavioral impairments in patients on caregiver burden, whereas cognitive impairments in patients are less likely to result in caregiver burden. This underscores the relevance of the distinction between pure ALS, ALS with behavioral impairment, ALS with cognitive impairment, and ALS with FTD. 48 Moderate quality of evidence was found for the relation between caregiver burden and the level of physical functioning of the patient. Caregiver burden seems to increase parallel to the disease severity of the patient, which is in line with conclusions in other progressive neurological diseases. 49, 50 Low to very low quality of evidence was found for the relation between caregiver burden and factors measuring functioning in specific physical areas (e.g. respiratory function, motor function), indicating that burden seems to be related to the overall physical functioning but not to specific functions. The increase in burden may be the result of the fact that ALS leads to rapid decline in physical functioning, as this constantly requires physical and emotional adjustments from both patient and caregiver. 51, 52 Furthermore, as the disease progresses, worsening of symptoms and physical concerns may lead to increased stress, worries, and burden of caregivers, taking a toll on their time and energy for leisure activities and time to fulfill their own needs. 10, 22 Moderate quality of evidence was found for the relation between caregiver burden and feelings of depression of the caregiver; in other words, caregivers, who experience depressive symptoms, are more likely to experience high caregiver burden. This association between caregiver burden and depressive symptoms experienced by the caregiver is consistent with findings in other neurological diseases, such as dementia and stroke. 50, 53 Caregivers who experience feelings of depression may find it even more challenging to cope with the caregiving demands placed on them, which influences caregiver burden. Although research seems to indicate that caregiver burden and depression are distinct constructs, 54, 55 there might be conceptual overlap between the measures of depressive symptoms and caregiver burden. 56 Questions related to depressive feelings are often included in burden measures (e.g. I feel emotionally drained due to caring for him or her. Caregiver Burden Inventory item 9; Do you feel tired and worn out? Caregiver Burden Scale item 1). However, in this review, we conceived caregiver burden and depression as two separate concepts because caregiver burden represents outcomes specific to the caregiving situation, while measurements of depression represent a more general outcome.
In previous systematic reviews, the suggestion was made that social support might be a protective factor for caregiver burden, 12, 57 but this result could not be confirmed in our review. This difference might be attributed to the inclusion of both quantitative and qualitative studies. An alternative explanation could be that only specific subtypes of social support (i.e. emotional, instrumental, informational, or appraisal support) 58 mitigate caregiver burden. For example, the benefits of receiving social support in caregiving (instrumental support) may be overestimated in ALS care, as taking over caregiving tasks is complicated, especially in later stages of the disease. Family members and friends are often not equipped to offer this specialized care to the patient. 4 Hence, relieving the burden of the caregiver by providing physical support in caregiving seems to be a difficult task for their social environment, while relieving caregiver burden with emotional support may be more feasible. However, it was impossible to make this differentiation in our review due to scarcity of research in this topic.
This systematic review offers insight into factors related to caregiver burden and guides the development of interventions aiming to reduce caregiver burden, but more additional research into factors related to caregiver burden is needed. Personal factors of ALS caregivers are possible modifiable factors but are currently understudied. Only 6 out of 25 of the studies included in this review paid attention to these factors. More knowledge about personal caregiver factors, such as feelings of competence in caregiving or self-efficacy, is needed since these personal factors seem to play a protective role in the development of burden in caregivers of patients with dementia. 59 
Strengths and limitations
This review was carried out in accordance with the PRISMA guidelines; the quality of the evidence was judged by assessing the risk of bias, and the GRADE approach was used, which are strengths of this review.
There were also some limitations of the review. First, it was not possible to perform a meta-analysis because of the heterogeneity of both the measures used to assess caregiver burden and the measures used to assess the associated factors.
Second, the instruments used to assess caregiver burden represented different interpretations of the concept, caregiver burden. Therefore, we only included studies which assessed a total score on burden as this represents a general concept of burden. Others have suggested, however, that the use of multidimensional measures of caregiver burden might provide different information. 60 For the interpretation of results on caregiver burden, and the comparison of intervention effects, a gold standard for the measurement of burden in ALS caregivers would be preferable.
Third, we only included full-text, peer-reviewed published studies and therefore might have missed evidence about relationships between patient and caregiver factors and caregiver burden.
Finally, the overwhelming majority of studies was cross-sectional and does not, therefore, allow any causal inferences between caregiver burden and factors. Longitudinal data are required to understand the temporal pattern of caregiver burden, its determinants, and the optimal time to deliver an intervention to diminish caregiver burden.
Conclusion
This review presents the current knowledge on associations between both patient factors and caregiver factors which are related to caregiver burden in ALS caregivers. There is moderate to high quality of evidence for the relation between behavioral impairments of the patient and caregiver burden, physical functioning of the patient and caregiver burden, and feelings of depression of the caregiver himself or herself and caregiver burden. This is important knowledge in order to identify those caregivers who are at risk of caregiver burden and to inform the development of interventions focusing on diminishing burden in caregivers of ALS patients.
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